Production of transgenic tomato plants expressing Cry 2Ab gene for the control of some lepidopterous insects endemic in Egypt  by Saker, M.M. et al.
Journal of Genetic Engineering and Biotechnology (2011) 9, 149–155Academy of Scientiﬁc Research & Technology and
National Research Center, Egypt
Journal of Genetic Engineering and Biotechnology
www.elsevier.com/locate/jgebProduction of transgenic tomato plants expressing
Cry 2Ab gene for the control of some lepidopterous
insects endemic in EgyptM.M. Saker a, H.S. Salama b,*, M. Salama c, A. El-Banna c, N.M. Abdel Ghany ba Dept. of Plant Biotechnology, National Research Center, Egypt
b Dept. of Pets and Plant Protection, National Research Center, Egypt
c Dept. of Entomology, Faculty of Science, Ain Shams University, EgyptReceived 22 June 2011; accepted 19 August 2011
Available online 20 October 2011*
E-
16
Pr
Pe
doKEYWORDS
Lycopersicon esculentum;
Agrobacterium tumefaciens;
Bt;
Lepidopterous insectsCorresponding author. Tel.:
mail address: hsarsalama@h
87-157X ª 2011 Academy
oduction and hosting by Els
er review under National Re
i:10.1016/j.jgeb.2011.08.001
Production and h+20 10 5
otmail.co
of Scient
evier B.V
search C
osting by EAbstract Transgenic tomato (cv. Money maker) over expressing Bt (Cry 2Ab) gene was produced
using Agrobacterium-mediated transformation method. Molecular and biochemical analysis
conﬁrmed the expression and integration of the transgene into tomato genome. Obvious effects
of Cry 2Ab were judged by the mortality of the American bollworm Helicoverpa armigera (Hu¨bner)
and the potato tuber moth Phthorimaea operculella (Zeller) when fed on Bt tomato. These results
indicate that a signiﬁcant amount of Bt protein was present in all of the transgenic lines and that
plants expressing Cry 2Ab gene could be used for management of the target lepidopteran insect
pests endemic in Egypt.
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Today, tomatoes (Lycopersicon esculentum Mill) are grown
commercially in 159 countries. According to the statistics140956; fax: +20 23 7488167.
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lsevierof Egyptian ministry of agriculture (2009), the tomato culti-
vated area and productivity in Egypt is estimated by 4929
thousand tons from a total area of 265,200 hectares (average
18.586 t/ha). Tomato growers suffered heavy losses in Egypt
because of the very high incidence of some lepidopterous
insect pests, such as the cotton leafworm Spodoptera littoralis
(Boisduval); the American bollworm Helicoverpa armigera
(Hu¨bner) and the potato tuber moth Phthorimaea operculella
(Zeller). The expression of d-endotoxins in transgenic plants
has provided a very effective means to control economically
important insect pests in order to overcome the instability
and degradation of Cry proteins when exposed to ultraviolet
radiation and short persistence on the plant. This method of
pest management has brought about a reduction in the use
of broad-spectrum chemical pesticides, thereby reducing the
ecological damage. The ﬁrst results on transfer of Bt genes
150 M.M. Saker et al.in tobacco and tomato were reported by Fischhoff et al. [5]
and Barton et al. [2]. During the last 14-year (1996–2009),
global area of transgenic crops increased 79-fold, from 1.7
million hectares in 1996 to 134 million hectares in 2009 [6].
Today, Bt crops represent about 15% of the total global area
of genetically modiﬁed crops.
Agrobacterium-mediated gene transfer method has been
used successfully for transformation of numerous dicot species
[1]. Tomato engineered with different insecticidal Cry gene(s)
from Bacillus thuringiensis (Bt) has been reported by many
authors to provide protection to the plants against different in-
sect pests [4,5,9,10,17–20]. In the light of the aforementioned
background, the present study was conducted to produce
transgenic tomato plants over expressing Cry 2Ab gene using
Agrobacterium-mediated transformation and to evaluate the
resistance of the developed plants to some biotypes of lepidop-
terous insects endemic in Egypt.
2. Materials and methods
2.1. Plant transformation
Seeds of tomato (Money maker), Yates, New Zealand Ltd.
was used. The seeds were surface sterilized by soaking for
1 min in 70% ethanol, washed with sterilized distilled water,
and then soaked in 20% commercial Clorox (5.25% sodium
hypochlorite) with two drops of Tween 20 for 10 min, and
then rinsed with sterilized distilled water for several times
(5 min per rinse). Seeds were allowed to germinate on half
strength MS medium [14] containing 15 g/l sucrose and
8 g/l agar. pH was adjusted to 5.8 with 1 M KOH prior to
autoclaving. The transformation procedure was carried out
as described by McCormick et al. [11,12]. Brieﬂy, cotyledon
explants of 7–10 day-old seedlings were immersed in a bacte-
rial culture suspension with gentle agitation, blotted to ster-
ilized Whatman paper. The blot-dried explants were placed
on co-cultivation medium containing; 4.3 g/l MS medium,
60.0 g/l sucrose, 10.0 g/l glucose, 2.5 mg/l BA, 1.0 mg/l
IAA, 3.0 g/l gel right and 100 lM acetosyringone, and incu-
bated in dark for 2 days at 25 ± 2 C. After co-cultivation,
explants were washed off from bacterial overgrowth using
sterilized distilled water containing 500 mg/l cefotaxime.
The washing process was repeated three times and then blot-
ted to sterilized Whatman paper. The cotyledonary leaf discs
were transferred (placed upside-down) on selection medium
fortiﬁed with 4.3 g/l MS salts, 2.5 mg/l BA, 1.0 mg/l IAA
and 15 mg/l hygromycin B and 300 mg/l cefotaxime. Prolifer-
ated shoots (2 cm high) were excised from the mother ex-
plants and transferred to rooting medium supplemented
with 0.5 mg/l of IAA and 15 mg/l of hygromycin B. Tissue
culture-derived tomato plantlets with good developed roots
(about 11–14 cm in height) were acclimatized to ex vitro
conditions.
2.2. Histochemical GUS assay
Putative transformants were examined for stable GUS expres-
sion using 5-bromo-4-chloro-3-indolyl-b-glucuronide (X-Gluc),
as described by Jefferson [7].2.3. PCR analysis
DNA was isolated from GUS positive plants using CTAB
method [15]. PCR screening of putative transformants was per-
formed using speciﬁc primers for Cry 2Ab gene. The plasmid
was used as a positive control. The sequences of forward and
reverse primers were 50CATTCAGCTTCCAGCACAAGA
GCC30; and 50TGGGTGCCAGAGTTCAGGGTCACG30,
respectively. The PCR mixture were performed in a total vol-
ume of 25 ll (1.0 ll of 10 mM dNTPs, 5.0 ll 10· buffer, con-
taining MgCl2, 2.0 ll of 50-ng/ll template DNA, 0.4 ll of
Taq polymerase, 1.0 ll of 70 pmol from each primer and
14.6 ll sterile distilled water). Ampliﬁcation is accomplished
through a Thermal Cycler (Biometra, Germany), using ﬁrst
one incubation at 94 C for 5 min and the step cycle program
set to denaturant at 94 C for 30 s, to anneal at 56 C for 50 s
and then extended at 72 C for 75 s for a total of 30 cycles; after
that, an extra step of extension at 72 C for 10 min was
performed.
2.4. Bioassay
Laboratory cultures of three lepidopterous insect species;
S. littoralis, H. armigera and P. operculella were established.
Laboratory scale bioassays for the transformed tomato plants
were carried out. Plant material to be analyzed was washed
with autoclaved distilled water. The toxicity of introduced
insecticidal genes was observed by feeding the larvae of target
insects on transgenic tomato leaves. Fifteen larvae representing
different instars of each insect species were used for each rep-
licate (clone). Three to four pieces of leaves of transgenic
plants of different clones were fed to the larvae and the mortal-
ity was observed after 1–7 days. The experiments were re-
peated three times.
3. Results
3.1. Production of transgenic tomatoes
A preliminary experiment indicated that non-transformed
explants are completely failed to either proliferate shoots or
show any regeneration response onto a selective medium con-
tained 15 mg/l hygromycin B. The obtained results indicated
that about 50% of infected explants infected with Agrobacte-
rium proliferated shoots on selective medium containing
2.5 mg/l BA, 0.1 mg/l IAA, 300 mg/l cefotaxime and 15 mg/l
hygromycin B, meanwhile the control explants (non-infected)
were completely died after 3 weeks. Fig. 1 shows the successful
recovery of transformed shoots on selective media. The prolif-
erated shoots were rooted successfully on 15 mg/l hygromycin
and 0.5 mg/l NAA and acclimatized to ex vitro conditions
(Fig. 2).
3.2. Histochemical GUS assay
Transformed tomato plants grown under antibiotic selection
pressure were monitored for stable gus expression. In this con-
cern, fourteen plantlets were subjected to histochemical GUS
Figure 1 Hygromycin resistant shoots regenerated on selective media (shoot induction medium fortiﬁed with 15 mg/l hygromycin. Age
of cultures is 16 weeks (E) and 20 weeks (F).
Figure 2 In vitro rooting (A) and acclimatization of transformed tomato plants to ex vitro condition (B).
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Figure 3 Histochemical GUS expression in transgenic tomato.
Figure 4 PCR screening of transgenic tomato plantlets using speciﬁc primers for Cry 2Ab gene.
152 M.M. Saker et al.expression assay. Conspicuous blue color was observed in dif-
ferent tissues of three plantlets which indicates the stable inte-
gration and expression of gus gene (Fig. 3).
3.3. PCR analysis of transformants
Putative transformants were subjected to molecular analyses
using PCR primers speciﬁc for Cry 2Ab gene. The results
of PCR ampliﬁcations indicated gave the expected amplicon
(280 bp) in transformed plants whereas; no ampliﬁcation wasdetected in the non-transformed tissues (Fig. 4). A total of 30
plants out of 34 examined tomato plants were positive for
the presence of Cry 2Ab sequence.
3.4. Bioassays
Bioassays were carried out to evaluate the potential of trans-
formed tomato plants. Leaves from normal and transformed
plants were used for insect feeding. The toxicity of introduced
insecticidal genes was evaluated by feeding the larvae of
Table 1 Effect of transgenic tomato plants on daily larval mortality of P. operculella.
Larval instars % Mortality after feeding on diﬀerent plant clones (mean ± SE)
1st day 2nd day 3rd day 4th day 5th day 6th day 7th day Total (%)
1st 42.60 ± 0.81
(38–50)
57.40 ± 0.81
(50–62)
– – – – – 100
2nd 40.30 ± 1.11
(32–48)
44.00 ± 0.63
(30–60)
15.70 ± 2.61
(12–30)
– – – – 100
3rd 31.70 ± 1.30
(24–46)
32.60 ± 0.92
(30–40)
27.60 ± 0.63
(22–30)
8.10 ± 1.80
(2–20)
– – – 100
4th 30.90 ± 1.82
(18–48)
25.90 ± 1.36
(16–40)
26.10 ± 1.38
(12–40)
10.60 ± 3.86
(8–30)
4.4 ± 3.79
(10–26)
– – 100
Table 2 Effect of transgenic tomato plants on daily larval mortality of H. armigera.
Larval instars % Mortality after feeding on diﬀerent plant clones (mean ± SE)
1st day 2nd day 3rd day 4th day 5th day 6th day 7th day Total (%)
1st 41.70 ± 1.43
(30–54)
50.00 ± 1.73
(36–60)
8.30 ± 3.11
(2–24)
– – – – 100
2nd 36.80 ± 1.43
(30–50)
43.60 ± 1.73
(32–62)
18.90 ± 2.52
(8–34)
0.90 ± 0.99
(2–6)
– – – 100
3rd 18.30 ± 1.12
(12–30)
31.40 ± 1.42
(24–42)
25.40 ± 0.55
(20–28)
14.60 ± 1.49
(2–24)
4.90 ± 2.87
(10–18)
– – 100
4th 15.40 ± 0.90
(10–22)
27.60 ± 1.09
(20–38)
30.10 ± 1.29
(20–40)
22.10 ± 1.67
(4–32)
4.70 ± 2.54
(10–16)
– – 100
5th 16.50 ± 0.54
(14–20)
26.90 ± 0.93
(22–34)
32.10 ± 0.99
(24–40)
16.80 ± 0.81
(8–24)
6.30 ± 1.35
(4–16)
0.50 ± 1.11
(4–6)
– 100
6th 15.80 ± 1.02
(10–30)
24.90 ± 0.85
(20–30)
29.10 ± 1.34
(20–40)
17.40 ± 1.04
(4–24)
7.70 ± 1.72
(6–16)
3.50 ± 1.42
(4–12)
0.42 ± 1.30
(6–8)
100
Table 3 Effect of transgenic tomato plants on daily larval mortality of S. littoralis.
Larval instars % Mortality after feeding on diﬀerent plant clones (mean ± SE)
1st day 2nd day 3rd day 4th day 5th day 6th day 7th day Total
1st 11.80 ± 0.85
(8–20)
13.60 ± 0.73
(8–20)
10.80 ± 0.37
(8–14)
6.50 ± 0.41
(4–10)
2.70 ± 0.33
(0–6)
0.80 ± 0.23
(0–2)
1.20 ± 0.27
(0–2)
47.30 ± 2.05
(38–62)
2nd 7.00 ± 0.47
(4–10)
11.50 ± 0.74
(8–20)
8.70 ± 0.57
(4–14)
5.30 ± 0.33
(4–8)
1.30 ± 0.30
(0–4)
1.50 ± 0.29
(0–4)
1.00 ± 0.23
(0–2)
36.30 ± 1.94
(26–54)
3rd 2.50 ± 0.46
(0–6)
6.00 ± 0.50
(2–12)
10.10 ± 0.42
(8–14)
5.50 ± 0.43
(4–10)
2.10 ± 0.34
(0–6)
1.20 ± 0.23
(0–2)
0.3 ± 0.16
(0–2)
27.70 ± 1.52
(20–44)
4th 0.50 ± 0.45
(0–2)
5.70 ± 1.79
(2–8)
8.00 ± 1.34
(6–10)
5.10 ± 0.89
(2–6)
1.60 ± 0.45
(0–4)
0.40 ± 0.00
(0–2)
0.60 ± 0.00
(0–2)
21.90 ± 4.92
(18–32)
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to leaves. Fifty larvae of each of the developmental stages of
the target insect species were used in the bioassay. Larval mor-
tality of different larval instars against the target insect pests
were tabulated in Tables 1–3.
In the case of P. operculella, it appears that the 1st and 2nd
instars are more rapidly affected than the 3rd and 4th instar
larvae; where 100% larval mortality was obtained after
2–3 days (Table 1). The tested plant clones exhibited 84% lar-
val mortality against 2nd instar larvae on the second day and
reached 100% larval mortality on the third day. The 3rd and
4th instar larvae treated with the tested clones showed 100%
larval mortality after feeding for 4–5 days.
With H. armigera, it appears that, the 1st and 2nd instars
are more rapidly affected than other instar larvae (Table 2).
The tested plant clones exhibited 91.7% larval mortalityduring 1st instar after feeding for 2 days compared to 80.4%
in the 2nd instar larvae. The older instar larvae were more
tolerant than the 1st and 2nd instar larvae. The larval mortal-
ity was 50% and 75% after feeding the 3rd instar larvae, on the
transgenic plants for 2 and 3 days, respectively (Table 2). Sim-
ilarly, the 4th instar larvae showed larval mortality of 75%
after feeding on transgenic plants for 3 days, while it reached
95% after 4 days. Also, 93% larval mortality of 5th instar lar-
vae was recorded after 4 days. The 6th instar larvae ofH. armi-
gera showed 88% larval mortality after 4 days, followed by
7.7%, 3.5%, and 0.4% after 5, 6, and 7 days, respectively.
In the case ofS. littoralis, it appears that the larvaeweremore
tolerant compared to the other two target species (Table 3). The
mortality of 1st and 2nd instars was 47.30% and 36.30% after
feeding on transgenic plants for 7 days. The percentage of larval
mortality of 3rd and 4th instar larvae after being fed on
Figure 5 Insect bioassay of H. armigera (A) and P. operculella (B) on the transgenic tomato plants. The bioassay was carried out for six
instars of H. armigera and for four instars of P. operculella. Leaves of non-transgenic (control) plants, showed serious damage, meanwhile
leaves of transgenic plant, showed obvious insect resistance.
154 M.M. Saker et al.transgenic plants for 7 days was lower and it ranged between
20–44% and 18–32%, respectively. Fig. 5 shows dead larvae
of the different larval instars of H. armigera and P. operculella.
4. Discussion
Transgenic plants provide beneﬁts that include increasing the
ﬂexibility in crop management, decreasing the dependency on
chemical pesticides, enhancing yields, earlier and easier harvest-
ing, better crop qualities, and reducing the labor needed for the
farmers to produce the crop. Success of transformation depends
upon the integration and expression of target gene in the plant
genome, and on its inheritance in progeny plants. PCR analyses
clearly conﬁrmed the stable integration of Cry 2Ab gene in the
T0 generation. The Cry 2Ab toxin proved to be expressed by
transgenic tomato plant and it remains biologically active when
ingested by the target insects. Also, GUS expression in trans-
formed tomato plants was examined. The lack of GUS expres-
sion in some of hygromycin resistant shoots and positive PCR
analysis which was recorded in some plantlets may be due to
alteration or loss of gus gene resulting from rearrangement of
the coding sequence or methylation of the gene, as suggested
by Battraw and Hall [3] and Ottaviani et al. [16].
Obvious effects of Cry 2Ab were judged by the mortality of
H. armigera and P. operculella when kept on Bt tomato. These
results indicate that a signiﬁcant amount of Bt protein was pres-
ent in all of the transgenic lines and that plants expressing Cry
2Ab gene could be used for management of the target
lepidopteran insect pests. The 1st, 2nd, 3rd, and 4th larval in-
stars of H. armigera were the most sensitive to the toxin. The
mortality of 1st and 2nd larval instars fed on transgenic plants
was 100%, compared to only 8% for the control. However,
the corresponding instars of S. littoralis showed moderate to
low mortality on transgenic plants; this is compared to 3rd,4th larval instars and pupae where no effect was observed. In
this context, Sneh et al. [21] reported that earlier instars of
S. littoralis were most sensitive to various Bt strains. The sensi-
tivity of the young larval instars to Bt toxins might be explained
by changes in the protease-speciﬁc activity of the gut juices in
S. littoralis and which are known to change during the different
instars. Moreover, Keller et al. [8] demonstrated that gut juices
of advanced S. littoralis instars (3rd–5th) exhibit high proteo-
lytic activity, which leads to a complete degradation of Cry 1C
protein. The protease inhibitors responsible for degradation
were phenyl methyl sulfonyl ﬂuoride (PMSF) and leupeptin.
Whether these two protease inhibitors are also responsible for
the decrease in effects of Cry 2Ab on older S. littoralis larvae
observed in the present study, this would provide a better under-
standing on possible cross-resistance mechanisms of Bt toxins,
commonly known to occur inS. littoralis [13].
The histopathological effects caused by feeding larvae of
H. armigera on transgenic tomato plants are more obvious as
compared to those fed on plants sprayed with Bt formulations.
Details of these investigations will be published elsewhere.Acknowledgment
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